Magnetic random access memory (MRAM) devices are generally based upon a current driven magnetic field for the reversal of free ferromagnetic layers in Write operations. Another mechanism of the MRAM switching utilizes spin momentum transfer (or spin-torque) in pillar structures which has advantages in device scaling but does not significantly reduce the large energy consumption. Recently, a potentially more efficient approach was proposed by taking advantage of the exchange interaction with another magnetic layer and the resulting "effective" field. Specifically, it was found that an atomically thin graphene layer is very effective in mediating and modulating the indirect exchange interaction (via electrical control) between two magnetic layers when it is placed in between [1]. This result indicates the possibility that a graphene-incorporated structure can accomplish the magnetization reversal with all electrical control with potential device applications.
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In the present study we analyze a novel design for a low-power-consuming, non-volatile magnetic switch that is based on the unique properties of the graphene layers placed in the interface between ferromagnetic dielectric layers (FDLs). In particular, the structure under consideration consists of three FDLs which are coupled through monolayer graphene (MLG) and bilayer graphene (BLG) layers as shown in Fig. 1 . The coupling effect is represented in terms of effective magnetic fields H n = n /2M 0 , where M 0 is a total magnetic moment of free FDL and n is a thermodynamic potential for MLG (n=1) or BLG (n=2) electrons that interact with proximate FDLs. Here n = NG 2 f n ( ) where N is the total graphene primitive cells at the interface with the FDL, G is the energy of graphene electrons -FDL exchange interaction, and is the electro-chemical potential shift. The crucial property of H n lies in significant dependence of the effective fields on graphene chemical potential [1] . Figure 2 highlights such dependence for |H 1 | f 1 and |H 2 | f 2 and their sum H tot assuming identical values of for MLG and BLG. Since the graphene doping shifts the chemical potential by the magnitude 0 , the charge neutrality point corresponds to H tot ( 0 )=0. Note that directions of H 1 and H 2 are opposite and that H tot and M b =M t are antiparallel for = -0 <0 (as depicted in Fig. 1 ) or parallel for >0. This effect can be utilized for magnetization M f switching and writing an information bit through changes in produced by gate voltage variation. The coercivity H c secures the stability of the magnetization. The strength of H c is limited by the inequality H c < H tot (| | 0.1). Consequently, there is a range of exchange bias fields that guarantees the reversal of M f (see Fig. 3 ). Readout can be readily performed by measurement of the BLG conductivity that depends on the magnetization orientations of proximate FDLs. In Fig. 4 , the principle of the switching operation is illustrated for memory.
Other useful properties of the device, depicted in Fig.1 , can be realized when the chemical potentials of MLG and BLG are independently adjusted. The interplay between H 1 and H 2 will control the magnetic state of the free FDL. In turn, this will lead to programmable logic operations of NAND or NOR (with n-type graphene) using V 1 and V 2 as the Boolean logic inputs for negative or positive voltages. Similarly, the p-type device can perform AND and OR. Reconfiguration between NAND and NOR (or AND and OR) can be achieved electrically by a programming pulse at the beginning of the logic operation. An evident advantage of the proposed concept consists in extremely low energy consumption 3 10 -23 J per nm 2 of graphene/FDL interface area for each recording bit.
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